SUMMARY Superoxide dismutase activity (SOD), plasma and lysate thiol concentrations (PSH and LSH), and caeruloplasmin oxidase activity (CP) reflect the underlying reduction-oxidation imbalance associated with rheumatoid arthritis (RA), and are believed to be involved in the protection of the cell against free radical activity. The early and late changes in these parameters have been observed and compared with standard clinical and biochemical assessments of disease activity in 90 patients with active RA, randomly assigned to receive either sodium aurothiomalate, auranofin, or auranofin placebo. An index based on clinical criteria was used to identify patients as responders or non-responders after 24 weeks of therapy. In the first six weeks of treatment a change in SOD activity and LSH concentration in a direction away from controls was followed by a return towards control levels in responders only. This suggests that in RA evidence of clinical improvement induced by gold drugs is preceded by an initial biochemical response in an inflammatory direction. The extracellular parameters PSH and CP did not show the same early response, but PSH levels in responders showed a slower change towards normal values, though at no time were values obtained that might suggest a complete remission. Thus the intracellular parameters appear to reflect an early effect of the drugs on cells which may possibly be of use in predicting the outcome of therapy, whereas the extracellular parameters provide confirmatory evidence for an eventual improvement.
The gold compound auranofin (1- of gold-sulphur bonds with accessible sulphydryl groups of proteins, peptides, and amino acids. 4 In rheumatoid arthritis the plasma sulphydryl group concentration is low and the erythrocyte lysate sulphydryl group concentration high compared with those of normal controls. This indicates a change in the degree of oxidation of the fluids on each side of the cell membrane.5 The change in the reduction-oxidation (redox) status of the sulphydryl system is reinforced by the fact that the concentration of the main plasma oxidase, the copper containing protein caeruloplasmin, is raised in the disease state6 7 and the activity of superoxide dismutase, an intracellular copper protein involved in the control of the concentration of superoxide ion8 (a reduced form of oxygen), is decreased.9 10 The activities of the copper proteins and the 839 840 Rae, Mackay, McNeil, Brown, Smith, Lewis, Capell sulphydryl group concentrations are believed to be linked. Caeruloplasmin is a specific oxidase for small molecules containing the sulphydryl group, such as cysteine and glutathione, producing the corresponding disulphides."1 By exchange with protein sulphydryl groups these disulphides are believed to influence plasma sulphydryl group concentrations.5 A close correlation between superoxide dismutase activity and glutathione concentration has also been shown in vivo and ex vivo using haemolysate. 12 As part of the phagocytic process a burst of free radical activity is produced by the phagocytosing cell. Among other effects this activity causes the release of oxygen derived species such as superoxide ions, hydroxyl radicals, and hydrogen peroxide.13
Protection against these active oxygen species is afforded by glutathione14 and possibly caeruloplasmin15 as well as superoxide dismutase. It has been suggested that the ability of patients with RA to metabolise these oxygen species is impaired and that the extent to which this occurs is related to the severity of the disease. Furthermore, SOD activity in polymorphonuclear leucocytes of children with juvenile rheumatoid arthritis is low9 and the levels in leucocnytes of adults with rheumatoid arthritis is high.
Thus both because of the possible chemical action of the gold drugs on sulphydryl group activities and because of the role of these groups and copper proteins in defining redox status and protecting the cell against free radical attack it seemed of value to study and compare the changes in the sulphydryl group concentration and copper enzyme activity caused by AF and GST. The clinical indices of disease activity were compared with laboratory measurements of extracellular redox status-namely, caeruloplasmin oxidase activity and plasma thiol and intracellular redox status in erythrocytes-namely, superoxide dismutase activity and lysate thiol concentrations. All examinations were made on fresh blood samples, all were separated within four hours of sampling, and all estimations were carried out at standard times after separation and within 48 hours of sampling.
The methods of estimation have been described previously. 5 Table 3 shows the changes in redox parameters between 0 and 24 weeks for the three treatments. The wide interquartile ranges in these groups mean that many apparent differences were not significant even at the 5% level, although if the direction of change in all groups was the same, a significant change could be observed if the groups were combined. CP activity decreased towards normal control values in all groups but did not reach significance at the 5% level in any. PSH rose towards normal control values in all groups, reaching significance in the GST and AF responder groups (p<0-02 and p<0-025 respectively). SOD activity also appeared to rise towards control levels in all groups but was significant only in the GST responder group (p<0-01). LSH rose away from normal control values in the placebo group (p<002) and also in the GST responder and AF nonresponder groups; LSH fell in both the AF responder (p<0-01) and GST non-responder groups. With the exception of LSH all the changes were as expected from the analysis of complete treatment groups, with the largest changes being in the GST and AF improvers groups. The significant changes are listed in Table 4 . Neither the GST nor AF non-responder groups showed any significant change and the only significant change in the placebo group was in the opposite sense, i.e. away from normal control values.
It was noted that the intracellular redox parameters (LSH and SOD) altered in the first few weeks of therapy, and consequently, all four parameters were examined graphically and the results for SOD and LSH are illustrated for the GST group (Figs la and lb) . The significance of these changes was examined (Wilcoxon) by comparing the results at each time point with those at week 0 ( opposite senses for the responder and nonresponder groups, with the responders showing a change away from the control values. Similar changes in the auranofin group, though consistent with these findings, were not statistically significant, and no trend was observed in the placebo group, except that LSH rose continually.
We have previously shown a relation between SOD and LSH. This relation was found to be present at both 0 and 24 weeks (Table 6 ), but graphical presentation of the results indicated some change in slope, which suggested that both gold drugs did affect the nature of the correlation. The change in SOD v the change in LSH was plcted (Fig. 2) , and it was evident that a ASOD v a ALSH correlation was present in the placebo group (p<O-005). This correlation, however, was not as clearly defined in the AF or GST groups.
Discussion
The criterion for inclusion of a patient in the trial was a clinical assessment of active disease and, as indicated by the large variation at the start of the trial, there was no attempt to preselect specific groups of patients on the basis of any individual parameter. The Mallya and Mace index proved a useful measure of the clinical efficacy of the drugs, which could then be used to assess the copper protein and sulphydryl group measurements. It Table 5 Probability values from an analysis using a Wilcoxon test of the change in CP, PSH, SOD, and LSH between 0 and 3, 6, 12, and 24 weeks for responders and non-responders after treatment with GST 844 Rae, Mackay, McNeil, Brown, Smith, Lewis, Capell should be stressed that the patients in the placebo treated group who remained on the therapy for six months are atypical of the group as a whole, as those with the most active disease had dropped out and are therefore not included in any statistical analysis of change with time. In addition, the high drop out rate of patients receiving placebo was largely because of worsening disease, and the tendency for some improvement to occur in the remaining placebo group is not unexpected. The deterioration in LSH even in this selected group, however, indicates that there is a difference in the biochemistry of this improvement compared with that produced by GST and AF. All patients in this study continued their regular daily intake of nonsteroidal anti-inflammatory drugs and as far as possible this was not varied during the trial, though it is possible that those who improved may have reduced the dosage. It is also possible that some non-responders are patients whom without treatment with GST or AF would have deteriorated rather than not improved. Both these points would reduce the significance of differences observed during therapy and may mean that the changes discussed are more conservatively estimated than should be the case. Neither possibility should produce any fake positive result. Furthermore, there was more flexibility in the GST regimen than with the new drug, in that at a later stage in therapy the dosage was where possible reduced. Since GST still shows the larger effects on the time scale studied the comparisons made remain valid, particularly since there is no accurate way of comparing dosage schedules between such different drugs. Division of patients on each treatment into responders and non-responders allowed assessment of the biochemical parameters, not only longitudinally on the basis of the assigned treatment group but also on the basis of the response to treatment. In the three treatment groups the significant changes in GST and AF groups after 24 weeks were confined to the responder groups and were in a direction towards normal control values, whereas the only significant change in the placebo group was away from normal (Table 4) . Despite clinical improvement in some patients, however, the inorganic biochemical parameters did not return to normal levels. This suggests that the effect of therapy on that aspect of the underlying biochemistry investigated is to create changes in the in vivo activity which produce a more quiescent state without returning the underlying biochemistry to a normal non-rheumatoid situation or producing a complete remission.
During the early weeks of therapy and before any clinical response could be discerned the intracellular parameters SOD and LSH showed a definite pattern of deterioration, particularly in the GST group, in those patients who later showed a clinical response. The pattern was most clearly seen when the GST group was subdivided into responders and nonresponders. No other clinical or biochemical parameters showed a clear pattern of early deterioration in the responder group. This result, if borne out in future studies, might mean that the likely response of a patient to a particular therapy could be predicted early in the course of therapy, even before the stage at which clinically assessed improvement becomes apparent. Sulphydryl group concentrations on both sides of the cell membrane are higher than CP and SOD (three groups per molecule of CP and 103 groups per molecule of SOD respectively). Consequently, in an assessment of the action of these reactive materials it seems better to consider the sulphydryl groups first and to view the action of CP and SOD as they affect the sulphydryl group-disulphide equilibrium. There has recently been increasing interest in the role of oxygen derived free radicals in inflammatory disease and tissue destruction, and a large amount of circumstantial evidence now exists which implicates these species in the pathogenesis of rheumatoid arthritis. One method of assessing the free radical activity is to monitor changes occurring in parameters relatively stable with time involved in the defence of the cell against free radical attack. Two such parameters are the intracellular compounds superoxide dismutase and glutathione. Both have been separately discussed and postulated as the prime defence mechanism, but there is no consensus as to their relative importance. In vitro there is no doubt that, molecule for molecule, SOD is more effective at removing superoxide ions than are thiols, but we have found that in the relative concentrations of SOD and thiol found in either red or white cells it is the thiol concentration which is predominant. 13 Furthermore, the superoxide ion is short lived, lasting approximately 10-5 S8 and thus will react close to the environment in which it is generated. This suggests that in many cases the more ubiquitous sulphydryl system will be present at the reactive site in higher relative concentration than that suggested above. In addition, the superoxide ion is only one of the free radicals believed to be produced by the phagocytosing cell. For the others the specificity of SOD for superoxide ion would suggest that it would be less effective in these cases, whereas the more general radical scavenging activity of sulphydryl groups would indicate a role for them in these processes also.
The method of analysis used for thiol estimation does not detect haemoglobin thiol and consequently, Sulphydryl group and copper protein changes during drug treatment 845 glutathione is the largest single component of LSH. As well as being a key element in the defence of the cell against attack by radicals in general, it is a key species in protein synthesis, a major source of non-protein bound sulphydryl groups within the cell, and, through the glutathione to diglutathione ratio, is used to control key enzyme processes in cellular metabolism.23 During inflammation cellular degradation of erythrocytes in the joint will release glutathione into the extracellular environment and hence into the plasma. The major individual component of the plasma sulphydryl group concentration (PSH) is the sulphydryl group on albumin. This group is protected from reaction with other proteins by being situated in a pocket in the protein structure. Exchange reactions between other proteins and small molecule disulphides are likely, however, and consequently an indirect equilibrium between each plasma protein and membrane sulphydryl groups is to be expected (Fig. 3) (Table 6 ). When the change in SOD over the 24 week period is plotted against the change in the sulphydryl group concentration over the 24 week period, however, a very different pattern emerges (Fig. 2 ). The placebo group shows a significant correlation, but for auranofin this correlation is less obvious, and no correlation is evident for GST. Thus although the drugs over 24 weeks produce little change in mean concentration of lysate thiol or SOD, there is evidence that they do potentiate the free radical defence system in a rather more subtle way.
In conclusion, in agreement with previous studies'2 24 25 this work has further confirmed that plasma thiol levels are an indicator, albeit a rather slow one, of eventual therapeutic outcome. The intracellular parameters give an early indication of therapeutic response analogous to that found for penicillamine.26 For penicillamine Munthe suggested that a rise of about 20% was required if the patient was to show response, and it is clear from our choice of responders that a similar rise is observed here (Fig. la) . It is too soon to recommend this approach for use in clinical assessment but, taken together with other studies on the thiol system and bearing in mind the confirmatory value of two correlated analyses, it would seem to offer potential in this direction if confirmed in further studies. In any event the fundamental nature of the process and the nature of the relation between sulphydryl groups and superoxide dismutase activity would seem to be good subjects for further investigation. 
